Video-assisted thoracoscopic surgery is facilitated by prompt collapse of the non-ventilated ('operated') lung, and interrupted and impeded if there is a need for oxygen (O 2 ) delivery by continuous positive airways pressure in order to manage hypoxaemia. It has been proposed that connecting an ambient pressure O 2 source to the airway of the non-ventilated lung at the time one-lung ventilation is initiated and before the chest is opened will, by avoiding entrainment of ambient nitrogen, serve to facilitate lung collapse. It has also been proposed that leaving the O 2 source connected will enable, not only ongoing apnoeic oxygenation before the chest is opened, but also the thoracoscopic procedure to commence with the operated lung fully pre-oxygenated (with an inspired oxygen fraction of 1), and apnoeic oxygenation to continue throughout the operative procedure in those patients who exhibit a degree of small airways patency at ambient pressure. In reality, several factors can influence the speed of collapse of the operated lung, and very many factors can influence the incidence of hypoxaemia during one-lung ventilation. It therefore appears unlikely that the necessary evidence to support these proposals will be forthcoming from randomised clinical studies on large numbers of patients. Rather, the necessary evidence may only be provided by specifically designed within-patient clinical measurement studies. Nevertheless, it is argued that, in the meantime, there is already sufficient rationale for an ambient pressure O 2 source to be connected to the airway of the non-ventilated lung, and for it to remain connected for the duration of one-lung ventilation.
Our surgical colleagues will confirm that video-assisted thoracoscopic surgery is facilitated by prompt collapse of the non-ventilated (or 'operated') lung and interrupted and subsequently impeded by the need for oxygen (O 2 ) delivery by continuous positive airways pressure (CPAP) 1,2 to be applied and maintained in order to manage hypoxaemia. Therefore, on the basis that optimal surgical access can improve patient outcome, it behoves anaesthetists to address the factors that influence the speed of collapse of the operated lung and also the many factors that influence the incidence of hypoxaemia during one-lung ventilation (OLV). This article focuses on one particular factor-the possible role for an ambient pressure O 2 source (APOS) connected to the airway of the non-ventilated lung. It has been proposed that this intervention will not only increase the speed of collapse of the operated lung [3] [4] [5] [6] , but may also reduce the incidence of hypoxaemia developing during the course of OLV 7, 8 . Whilst indirect evidence exists to support the first hypothesis 9 , there is currently no direct outcome data to support the second. Moreover, with the differing underlying pulmonary pathophysiologies of thoracic surgical patients undergoing differing surgical procedures with differing OLV practices, it seems most unlikely that the necessary outcome data will be forthcoming from prospective randomised clinical studies conducted on large series of patients. Therefore, in the absence of a suitable OLV animal model (with a tracheal bronchus and very short main bronchi in pigs and sheep 6, 10, 11 and very short main bronchi in dogs 12 ), and in the author's opinion, the evidence will have to be produced with specifically designed within-patient clinical studies.
The aim of this article is to present the point of view that there is already sufficient rationale for APOS use pending confirmation or otherwise of its benefits in clinical trials, and also to describe the type of clinical trials required. ventilation (IPPV) of the ventilated lung. Throughout this article, the preferred term is tidal gas movement, only because it is easier to conceptualise the volume of the tidal gas movement rather than the volume of the paradoxical gas exchange. Paradoxical gas exchange is otherwise a much more physiological description, in that gas exchange occurs, and in that the tidal gas movement is paradoxical (meaning that inspiration into the non-ventilated lung occurs during the expiratory phase of the ventilated lung, and expiration from the non-ventilated lung occurs during the inspiratory phase of the ventilated lung).
The terms 'non-ventilated' lung and 'operated' lung are both used to describe the non-ventilated lung, the former tending to be used when describing physiological concepts and the latter where there are surgical connotations.
The term APOS, as used in this article, refers to any suitable source of O 2 which can be connected safely to the relevant lumen of the double-lumen tube (DLT) at the time OLV is initiated 4 , and can remain connected for the duration of the operative procedure 7, 14 . Ideally, it should be connected during a momentary cessation of IPPV 8, 15 . One such APOS is a three-litre reservoir bag initially partially filled with O 2 4 . With the airway of the non-ventilated lung connected to the finite capacity of the reservoir bag, the tidal gas movement is, in effect, totally 're-breathing' from the reservoir bag. As has been described previously 4 , the apparatus should include a connector to allow the addition of more O 2 to the reservoir bag in the event of ongoing O 2 uptake during OLV, an outlet valve to prevent overfilling and hence pressurisation of the reservoir bag (and simultaneously the non-ventilated lung) due to gas leakage past the bronchial cuff, and an inlet valve to prevent potential negative pressure damage to the lung by the use of surgical suction. This latter requirement is only relevant in specialised situations, such as the facilitated harvesting of the left internal mammary artery for minimally invasive coronary artery bypass grafting 16 , where airtight thoracoscopic access ports are used. In such situations, if the airway of the operated lung is connected to an O 2 reservoirbag system with the necessary inlet valve present, operative chest suction would rapidly inflate the operated lung and safely block both the surgeon's view and the lumen of the sucker. On the other hand, if the inlet valve is missing, the potential exists for a reservoir bag to be sucked empty, at which point the lung would be exposed to the high suction pressure. The same risk may apply to some modified, nonpressurised commercially available CPAP systems that can be used as the APOS. In recognition of the well-documented risks of CO 2 insufflation during OLV [17] [18] [19] [20] , the methodology of the above-mentioned coronary artery bypass grafting study 16 required that the left lung had "collapsed satisfactorily" before commencing insufflation at a flow rate restricted to two or three litres per minute, and also that the insufflation pressure was limited to 8 to 10 mmHg.
A second and simpler APOS, which is easily constructed from readily available anaesthesia equipment, is a basic Mapleson E system with an open-ended extension and a fresh gas flow of oxygen sufficient to prevent re-breathing, such as described by Baraka et al 14 . This apparatus does not have the fundamental re-breathing distraction of the reservoir-bag apparatus, although the latter does have proposed clinical advantages. First, the cyclical distension and collapse of the connected reservoir bag serves as visual confirmation of the presence and magnitude of the tidal gas movement in a given patient 4, [21] [22] [23] . Second, its use enables the reliable and early identification of both small and larger volume gas leakage past the bronchial cuff, with a large leak resulting in a progressive expansion of the reservoir bag over a number of ventilations 4 , while a small gas leak can be identified by pressing an ear against the reservoir bag to hear the unmistakeable sound of gas escaping past a tight restriction 4, 24 . This effective auditory conduit to the airways of both the non-ventilated and the ventilated lung also enables identification of imminent displacement of the DLT caused by surgical traction at the pulmonary hilum during a thoracotomy 25 .
The evidence of re-breathing from a three-litre ambient pressure O 2 reservoir bag system is clearly shown in Figure 1 ('Patient A' prior to thoracoscopic surgery 26 ). The patient was being ventilated with a 50:50 oxygen:nitrous oxide (O 2 :N 2 O) mixture 7, 8 . The tidal CO 2 % recorded from the airway of the non-ventilated lung can be seen to have increased progressively as the partial pressure of CO 2 in the reservoir bag approached that of the mixed venous blood. Over the same short period, the tidal O 2 % fell progressively as the partial pressure of N 2 O in the initially O 2 -containing reservoir bag progressively increased and approached that of the mixed venous blood.
It is proposed that the potential benefits of using an APOS during OLV for thoracoscopic surgery far outweigh the unlikely risk of a theoretical accompanying increase in the arterial to end-tidal PCO 2 difference (P(a -ET)CO 2 ) 7,26 adversely influencing clinical management of the OLV. Whenever in doubt, the arterial PCO 2 , rather than the end-tidal PCO 2 , should guide the level of minute volume ventilation.
The use of an APOS as a routine during OLV could be questioned, just as the routine use of O 2 CPAP was questioned in Karzai and Schwarzkopf's comprehensive review 27 . They suggested that "another problem with routine CPAP is that its efficiency in providing good oxygenation may conceal tube dislocation and atelectasis in the ventilated lung". However, this is only a valid criticism if the anaesthetist is not in the habit of closely and continuously monitoring the ventilating pressures and tidal volumes. Figure 1 : Evidence of re-breathing from a three-litre O 2 reservoir bag system at the onset of OLV. Tidal O 2 and CO 2 concentrations shown as percentages (adapted from published correspondence 26 ). The gas sampling ports were sited on the respective DLT connectors, and tidal CO 2 and tidal O 2 percentages were recorded via a single gas sampling line which was switched alternately from the ventilated to non-ventilated lung. Ventilation was with a fresh gas flow of 50:50 O 2 :N 2 O. 1. Y-connector arm to non-dependent lung is clamped off at end-expiration, so initiating OLV. 2. A second clamp is placed across the DLT itself, so isolating the non-ventilated lung from the 'gas sampling port' on the DLT connector which is inserted into the DLT lumen (and also isolating it from the pressure transducer which was, until the clamping off, recording the small cyclical pressure changes in the non-ventilated lung). 3. A three-litre ambient pressure O 2 reservoir bag is attached to the DLT connector in the still-isolated (clamped-off) non-ventilated lung.
Thus, the O 2 source is in unobstructed communication with the gas sampling line (currently turned to record O 2 and CO 2 percentages from the ventilated lung) but not to the still clamped off non-ventilated lung. 4. The gas sampling line is switched from the ventilated lung to the non-ventilated lung. Because the DLT itself is still clamped off, gas sampling is occurring from the three-litre O 2 reservoir-bag. 5. The clamp is removed from the DLT itself, so connecting the non-ventilated lung with the three-litre re-breathing O 2 reservoir bag. 6. Gas sampling line is switched from the non-ventilated to the ventilated lung.
Gas sampling line is switched from the ventilated to the non-ventilated lung.
OLV=one-lung ventilation, DLT=double-lumen tube.
Clinical studies: tidal gas movement at the initation of OLV
The use of an APOS connected to the operated lung at the onset of OLV is based on the proposal that this will prevent slowly diffusing ambient nitrogen (N 2 ) from entering the lung via an open airway and so assist surgery by reducing the time required for the lung to collapse 3, 5 .
A study of factors that might influence the speed of collapse was conducted on ten patients prior to thoracoscopy, and a first report described the above-mentioned tidal gas movement 3 (or paradoxical gas exchange 13 ) that occurs via the open airway of the non-ventilated lung before the parietal pleura is opened. The mediastinal displacement produced by each inspiratory phase of IPPV to the ventilated lung generates an increase in the pleural pressure in the contralateral hemithorax (from a negative to a less-negative pressure), whilst during the expiratory phase the pleural pressure returns at end-expiration to its previous level. The tidal gas-flow is a consequence of this intermittent cyclical change in transpulmonary pressure in the non-ventilated lung 3 . The study speculated that, prior to the parietal pleura being opened, this tidal gas-flow would result in ambient air entering the non-ventilated lung via the open airway, and that the presence of slowly diffusing N 2 would, in theory, 'splint' the lung and so delay its collapse once the chest was opened. It was suggested that this delay could be prevented simply by attaching an APOS to the airway of the nonventilated lung as soon as OLV is initiated 3 .
A second report from this same study 5 , published together with a companion sheep study undertaken with the intention of corroborating one of the key conclusions, found that once the parietal pleura was opened, passive venting from the non-ventilated lung occurred promptly, was 90% complete in 25 seconds, and had ceased completely in about 120 seconds. Furthermore, once the initial prompt passive venting had ceased, a small positive pressure applied to the lung's surface via the pleural space failed to result in further venting. From this key finding, it was concluded that venting had ceased as a consequence of small airways closure and that further collapse would be wholly dependent on ongoing gaseous diffusion and absorption atelectasis 5 . The presence of slowly diffusing N 2 would slow the lung's collapse, while the presence of rapidly diffusing N 2 O would hasten it 5 . The sheep study findings served to corroborate the latter conclusion 6 .
That the presence of N 2 in the non-ventilated lung prior to the onset of OLV will delay the collapse of the operated lung has been convincingly demonstrated in a subsequent 100-patient study specifically designed to address the issue 9 . Thus, it seems likely that any N 2 entering the non-ventilated lung as a consequence of the tidal gas-flow before the parietal pleura is opened, will also result in delayed lung collapse. However, the possibility that ambient N 2 is reaching alveolar level and having a clinically relevant impact is not yet universally accepted. The counter argument is that the tidal gas-flow is occurring essentially only in the anatomical and apparatus dead space.
Physiological considerations: tidal gas movement at the initation of OLV
To the author's knowledge, the only information currently available on tidal gas-flow in the open airway of the nonventilated lung at the onset of OLV is contained in the first report from the ten-patient study described above 3 , which was undertaken two decades ago. In these ten patients, the volume of the so-called tidal gas movement varied greatly between 65 ml in one patient to 265 ml in another, the latter being a young male with apical bullous disease. The mean (SD) of the tidal gas movement in the ten patients was 134 (61) ml 3 . The mean (SD) net gas influx into the non-ventilated lung from the spirometer as a consequence of ongoing gaseous exchange before the chest was opened was 155 (80) ml recorded over the 120-second measurement sequence. The latter results were difficult to interpret realistically because total re-breathing had occurred between the airway and the recording spirometer; the spirometer contained air; and, apart from two patients with apical bullous disease who were ventilated with an FiO 2 =1, eight of the ten patients were ventilated with an O 2 /N 2 O fresh gas flow.
The question that therefore remains is whether ambient N 2 will reach alveolar level in some patients as a consequence of the tidal gas-flow? With mean values of 134 ml for tidal gas movement and 17.3 ml for the apparatus dead space of the DLTs 3 , it is reasonable to suggest that, before the chest is opened, some ambient air and hence N 2 will have entered the approximate 1000 ml functional residual capacity of the non-ventilated lung with each ongoing respiratory excursion of the ventilated lung.
A more physiological approach is to consider what is likely to happen in both lungs following the initiation of OLV (before the parietal pleura is opened and with an APOS in place), assuming full denitrogenation 9 and thus IPPV with an inspired oxygen fraction of 1. Immediately prior to initiating OLV, the functional residual capacity of both lungs will contain similar percentages of O 2 , water vapour and carbon dioxide (CO 2 ); and the alveoli of both lungs will be perfused with precisely the same mixed venous blood, with the dependent lung receiving of the order of 60% of the pulmonary bloodflow and the nondependent lung 40%. Following the onset of OLV, with the APOS connected and the chest closed, the ventilated lung will continue to be ventilated with 100% O 2 at the desired tidal volume and respiratory rate, while the non-ventilated lung will be paradoxically ventilated via the APOS at the same respiratory rate and with a tidal volume equal to the tidal gas movement. The percentages of O 2 and water vapour measured at the airway of the non-ventilated lung will remain very similar to those measured from the airway of the ventilated lung, with any difference being a consequence of a different percentage of CO 2 , which in turn will be influenced by the volume of the paradoxical ventilation. Until the chest is opened and the lung can collapse down, the pulmonary bloodflow will remain essentially unchanged apart from the small component diverted from the ventilated to the non-ventilated lung as a consequence of the increased airway pressure in the ventilated lung following the initiation of OLV and the absence of ventilating pressure in the non-ventilated lung 28, 29 . It would not be expected that hypoxic pulmonary vasoconstriction would be activated, O 2 uptake from the connected APOS would be expected to continue essentially unchanged and patient oxygenation would also remain unchanged. The pulmonary bloodflow shunting via a lung which is not ventilated (i.e. the ventilation/perfusion ratio is zero) is thus, in effect, an "oxygenated shunt" 7, 26 , with a proposed associated increase in the P(a -ET)CO 2 7,26 . In contrast, without an APOS in place and the airway of the non-ventilated lung open to air, what are the physiological considerations? Here, with each tidal gas movement greater than the dead space of the DLT and other conducting airways, ambient air will enter the non-ventilated lung with each respiratory excursion of the ventilated lung. As the percentage of N 2 in the lung increases, the alveolar PO 2 will progressively decrease. The speed at which this occurs will depend on the volume of the tidal gas movement, and where it is relatively large, the percentage of O 2 in the non-ventilated lung will rapidly decrease. Figure 2 shows an example of the early lowering of the percentage of O 2 recorded from the tidal gas-flow in the airway of the nonventilated lung, from 50% at the onset of OLV to approaching 20%, in about 12 tidal gas movements 26 (Patient B, like Patient A, was being ventilated with 50:50 O 2 :N 2 O). Of particular relevance is the tidal CO 2 tracing, which reveals Figure 2 : Progressive 'wash-out' of O 2 and elimination of CO 2 , from the non-ventilated lung at the onset of OLV when the airway of the non-ventilated lung was opened-to-air (adapted from published correspondence 26 ).The gas sampling ports were sited on the respective DLT connectors and tidal CO 2 and tidal O 2 percentages were recorded via a single gas sampling line which was switched alternately from the ventilated to non-ventilated lung. Ventilation was with a fresh gas flow of 50:50 O 2 :N 2 O. 8. The period of gas sampling from the non-ventilated lung after a clamp is placed on its Y-connector arm. Thus, gas sampling and pressure recording are from the totally obstructed non-ventilated lung. The two pressure recordings identify that the non-ventilated lung was clamped off precisely at endexpiration and thus, the CO 2 percentage is at end-tidal level at the start of this period. Note: the vertical line at the start of the period designated '8' is incorrectly drawn. It should be level with the point at which the clamp was applied, i.e. at end-expiration. 9. A second clamp is placed on the DLT itself (so removing the connection between the non-ventilated lung and the gas sampling line [and the pressure transducer]), and two to three seconds afterwards the DLT connector with its integrated gas sampling port is detached from the Y-connector arm, so enabling gas sampling of ambient air while the non-ventilated lung remains clamped off. 10. The clamp on the DLT itself is removed, so connecting the non-ventilated lung to ambient air via the DLT connector with its integrated gas sampling port. As the N 2 % in the non-ventilated lung increases, it is reasonable to propose that ongoing gaseous uptake of O 2 will predispose to regional alveolar hypoxia in the nonventilated lung. Hypoxic pulmonary vasoconstriction will thus be activated, and pulmonary bloodflow in the non-ventilated lung reduced. Subsequently, when the chest is opened, this reduced pulmonary bloodflow and the presence of slowly diffusing N 2 , will both, in theory, contribute to slowing the operated lung's absorptive collapse 3, 7 . It is also reasonable to expect that N 2 , which has equilibrated or partially equilibrated with the initially very low level in the pulmonary blood of a pre-oxygenated patient being ventilated with an FiO 2 =1, will become distributed throughout the body by the systemic circulation. Given time, N 2 would begin to appear in the gases expired from the ventilated lung.
Clinical observations: ongoing apnoeic oxygenation via the non-ventilated lung
An APOS connected to the operated lung should also enable ongoing apnoeic oxygenation, not only before the parietal pleura is opened, but it is also suggested, in some patients during the course of the thoracoscopic procedure 7 .
When an APOS is connected to the airway of the operated lung at the onset of OLV (to ensure its prompt collapse), the surgery will be commencing with the operated lung fully pre-oxygenated (provided ventilation is with an FiO 2 =1) 9 . Thus, any possible need for O 2 CPAP will consequently be reduced or delayed 7 . But once the chest is opened and the lung has collapsed promptly and presumably to the point of small airways closure 5 , apnoeic oxygenation should, in theory, cease. However, it has subsequently been observed clinically that a varying degree of small airways patency does persist at ambient pressure in some patients, as supported by ongoing uptake of O 2 from the connected ambient pressure O 2 reservoir-bag system 4, 7, 21 . This is most marked in those patients where there is appreciable ongoing tidal gas movement after the chest is opened, such as those with pleural adhesions or pleural thickening 4, 21 . However, it is also seen in some patients where there is no observable ongoing tidal gas movement 7, 22 . Despite this evidence of ongoing O 2 update via the non-ventilated lung in some patients during OLV, and despite the requirement in some patients for O 2 to be insufflated into the airways of the 'operated' lung to overcome hypoxaemia 30, 31 , the possible benefit of apnoeic oxygenation during OLV is rarely reported.
A non-rebreathing clinical research model to provide the evidence
Because there are very many factors that can predispose to hypoxaemia developing during OLV, it seems most unlikely that randomised controlled studies, let alone systematic reviews, will provide the necessary evidence to demonstrate whether or not an APOS connected to the airway of the operated lung will reduce the incidence of hypoxaemia developing in the course of the operative procedure. It is feasible, however, that a suitably designed clinical research model and a series of ethically approved clinical studies might serve to clarify several issues, including whether or not a clinically relevant volume of ambient N 2 can enter the lung before the chest is opened, whether or not ongoing O 2 uptake by the non-ventilated lung continues in some patients after the chest is opened, and whether or not oxygenation is improved in these particular patients.
A vital prerequisite for the proposed clinical model is a lowresistance, low opening pressure, low dead space 'collect valve' ('valve'), where the expiratory gas-flow is completely separated from the inspiratory gas-flow. The valve would be connected to the airway of the non-ventilated lung and would ensure that the tidal gas-flow (both before and after the chest is opened) is sourced from a large ambient pressure O 2 reservoir bag (such as a respiratory physiology Douglas bag) contained within a rigid-walled 'box'. The valve would also ensure that the tidal gas-flow is vented into the cavity of the box, in a traditional 'bag-in-box' arrangement. A spirometer, also connected to the cavity of the box, would enable accurate recording of the cyclical tidal gas movement 3 and also any subsequent net gas uptake from the bag. Gas transfer between the airway and both the bag and the box would be via non-distensible tubing, and any gas sampled for analysis from the venting port of the valve would be returned to the box. To facilitate interpretation of findings, the ventilating FiO 2 should=1.0.
A second bag-in-box arrangement would be required, exactly the same as the first, except it would have the reservoir bag containing ambient air. The equipment design could have both the O 2 -containing bag and the air-containing bag in a single box, but this could conceivably complicate the meticulous execution of a study being conducted in a clinical setting. Keep it simple! Most importantly, when comparing outcomes with the airway either opened-to-air or opened-to-O 2 , each new OLV measurement sequence will of course need to commence with a return to baseline two-lung ventilation. A meticulously executed protocol will ensure that, at the initiation of OLV, IPPV will be momentarily ceased when the relevant arm of the DLT Y-connector is clamped off and the gas-containing bag is connected to the airway of the non-ventilated lung 8, 15 .
Although the model will enable the accurate recording of the tidal gas movement and the difference between the volume entering and the volume venting from the non-ventilated lung over a given period of time, it will unfortunately be impossible to know the precise volume of O 2 taken up per minute by the non-ventilated lung, even when the airway is opened to oxygen. This is because the volume of CO 2 vented in the partially re-breathing situation that pertains will vary from patient to patient (an estimation could be made by continuously recording the percentage of CO 2 in the vented gas). Also, it will not be known what effect humidification will have on the volume of gas passing to the box.
The estimation of the volume of O 2 taken up per minute will be further complicated when the airway is openedto-air. Here, there will be an unknown volume of N 2 equilibrating or partially equilibrating with the mixed venous blood, and hence being removed from the volume of gas venting into the box (and recording spirometer). Confirmation of whether or not ambient N 2 is reaching alveolar level (and being taken up by the pulmonary circulation) could conceivably be obtained by recording the initial rate of gaseous uptake when the airway is openedto-O 2 or alternatively opened-to-air. In the latter situation, the initial period of gaseous exchange will include not only O 2 uptake, but also N 2 uptake. Thus, the initial net gaseous uptake recorded by the spirometer might well be expected to be faster in the opened-to-air situation, but the rate will also be expected to reduce promptly when hypoxic pulmonary vasoconstriction ensues. This of course will also be evidence that ambient N 2 is reaching alveolar level.
The only problem with the model is the availability of a suitable valve. It will probably have to be specially designed, possibly along the lines of a previously described low dead space valve 32 , in which the expired gas is completely separated from the inspired gas. With this particular valve, the "Patient Port" would be connected to the DLT connector of the non-ventilated lung, the "Inlet Port" to the reservoir bag and the "Outlet Port" to the box. Removal of one or other of the two innermost of the three circular closing rims on the expiratory valve-seating will serve to reduce its opening pressure; and the light, flat plastic disc attached to the outer surface of the expiratory valve leaflet should be removed (three rather than the necessary two closing rims and the plastic disc were included to eliminate noisy vibration of the expiratory valve leaflet at low expiratory gas-flows during use with CPAP). Because the cyclical changes in transpulmonary pressure which generate the tidal gas-flow are small (between 2.4 and 4.0 cmH 2 O in the ten-patient study) 3 , the closing rims of both the inspiratory and expiratory valve-seatings should be blunt 'knife-edged' and if the opening pressure of the expiratory valve leaflet is affected by condensation, the valve would need to be kept at 37 o C. I do believe such a valve would be eminently suitable.
There are many questions that could be answered with studies using this model. First, which patients experience the largest volumes of tidal gas movement and gaseous exchange before the chest is opened, and why? For instance, do patients with a given lung pathology such as major emphysema or major chronic obstructive pulmonary disease tend to exhibit, as a group, a large or a small degree of tidal gas movement and gaseous exchange? Second, is the tidal gas movement and accompanying ongoing gaseous exchange diminished if OLV is with low tidal volumes and judicious positive end-expiratory pressure ('protective ventilation')? Third, when the non-ventilated lung is opened to oxygen, does ongoing apnoeic oxygenation before the chest is opened result in the predicted theoretical increase in P(a -ET)CO 2 7,26 , a likelihood which, if true, may also be relevant to clinical management with CPAP? Fourth, before the chest is opened, does leaving the airway of the non-ventilated lung opened-to-O 2 result in a higher PaO 2 than is recorded when the airway is opened-to-air?
The answers to the above questions are all readily obtainable before the chest is opened. The more clinically relevant questions arise after the chest is opened and the lung has collapsed away from the chest wall. First, in which patients does tidal gas movement continue, and what is the likely approximate volume per minute of the ongoing O 2 uptake? Second, does ongoing tidal gas movement only occur in patients with pleural adhesions or pleural thickening and, if not, in which other group/s of patients does it occur? Third, in which patients does ongoing O 2 uptake continue in the absence of noticeable tidal gas movement? Again, all this information should be readily available-and theoretically available without any, or with minimal, interference in the progress of surgery whether it be by thoracoscopy or thoracotomy.
Conclusion
With proven, laboratory tested equipment, none of the studies would be difficult to undertake in the clinical setting. None would interfere with standard clinical monitoring of OLV; none are invasive apart from the need for arterial cannulation for blood gas measurements and most don't interfere for very long periods in the course of the surgical procedure. The findings would provide necessary 'evidence' on whether or not the use of an APOS connected to the nonventilated lung will be expected to facilitate thoracoscopic surgery, firstly, by increasing the speed of collapse of the 'operated' lung, and secondly, by reducing the likelihood of hypoxaemia.
